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INTRODUCTION

Case-control is a retrospective study in which participants are selected from among individuals who already have the disease (cases) and from among those who do not have it (controls); in each of these two groups the number of individuals exposed to some risk factor is determined.  The aim is to assess possible association between exposure to risk factors and the disease under study.  If a exposure factor is associated with the disease, the frequency of the exposure factor will be higher among the cases than among the controls.  This kind of study finds wide application in situations in which the frequency of the disease is relatively low and a long time has elapsed between exposure to the risk and the manifestation of its effect.  Case-con​trol studies have limited ethical implications because no intervention or prospective observation of exposures to risk is involved.  Case-control studies, first proposed for the study of chronic-degenerative diseases, can also find application in the study of infectious diseases.

PRIVATE 
SELECTION OF PARTICIPANTSTC  \l 1 "SELECTION OF PARTICIPANTS"
Selection of cases - The identification of cases and controls depends on the characteristics of the disease being studied.  Cases can be identified in hospitals, specialized clinics, or local health services.  Cases can also be ascertained through population-based surveys by using disease markers such as antibody- or antigen-detection tests.

Selection of controls - As a general guideline, the source of controls should be the one that follow the principle that “if a control was a case, it would be found where the cases are being detected.”  Controls can be recruited in the hospitals where the cases have been selected, in the neighborhoods of cases, in the same schools, among the friends and coworkers of the cases, and in the population-based samples.  In any situation there will be advantages and disadvantages, and there is always the possibility of biased results. Controls obtained at the suggestion of cases themselves can be very similar in their behaviors and customs, and if the risk factor under study is related to habits that may be shared between friends, it will not be detected.  Because of the cost and operational difficulty of obtaining population controls, this approach is of little practical value.  

In the study of an infec​tious disease, subclinical and clinical forms of the disease can be detected.  The strategy to be adopted for selection of the control group depends on the purpose of the study. For example, if the objective is to evaluate risk factors for severe and complicated malaria (cases), the control group must consist of individuals with asymptomatic parasitemia or with mild disease.  If the purpose of the study is to study prognostic risk factors for visceral leishmaniasis, cases would be selected from among clinical cases with parasitological confirmation and controls from among individuals presenting evidence of infection, but without clinical manifestation. Non-infected control would be used to study risk factors associated to the risk of getting infection.

TYPES OF STUDY
Population-based case-control study - In this type of design cases and controls are selected from a population; cases can be detected in a screening of the population in a delimited geo​graphical area over a specified period of time.  Hospital records can be used to identify all possible cases in the area of study, or a random sample of them can be taken.  The controls are selected using a probability sample of individuals without the disease, in the same geographical area as the cases.

Nested case-control study - This is a design in which the cases and controls are selected from a predefined cohort for which some information on exposures and risk factors is already available. For each case, controls are selected at random from among individuals who are at risk at the time when the case is diagnosed, which brings about matching on the con​found​ing effect of time.  Additional information is collected and analyzed at the time of the selection of incident cases and controls.

MEASUREMENT OF ASSOCIATION

Univariate analysis
The statistic used as a measure of association is the odds ratio (OR). The odds ratio is an approximation to the risk ratio (relative risk) when incidences are low, and an approximation to the prevalence ratio when the prevalences are low.  When cases and controls are selected from the general population, the proportion of those exposed to a risk factor in the control group can be used as an estimate of the proportion of those exposed in the general population.  This advantage makes it easier to calculate the percentage of attributable risk (in the population), which expresses the proportion of the disease in the population under study that is attributable to the exposure or factor and which could be eliminated if the factor was removed.  This useful information, as it indicates which exposures or factors are most important and must be addressed first in terms of public health measures. The results in a sample of a case-control study can be presented in a 2x2 table :

	
	Condition
	Total

	Exposure
	Case
	Control
	

	Present
	a
	b
	a+b

	Absent
	c
	d
	c+d

	Total
	a+c
	b+d
	T


a+c
= number of cases

a = number of cases with risk factor present

c = number of cases with risk factor absent

b+d = number of controls

b = number of controls with risk factor present

d = number of controls with risk factor absent

a+b = total number of individuals who were exposed to the risk factor

c+d = number of those not exposed to the risk factor

T = total of samples of both cases and controls

Odds is a measure of probability defined as the ratio of two mutually complementary pro​babilities.  In the table the odds of exposure to a factor among the sample of cases is a/c, and the odds of exposure among the controls is b/d.  The ratio of these two odds is the odds ratio: (a/c) / (b/d) = (a*d) / (b*c). The association between the risk factor and the disease/infection (case) can be specified as either positive or negative, which leads to a single-tail statistical test; if it is unspecified, the test is two-tailed.   .  

OR = 1 indicates that the probability of disease in those exposed to the risk factor and those that are not exposed, are equivalent.  OR>1 indicates that the exposure to the factor under study is a true risk factor and could imply a cause-effect relationship.  The statistical analysis is based on the x2 (chi-square) test, with one degree of freedom.  At a level of significance of = 5%, for a two-tailed test, a x 2  value over 3.84 would indicate a statistically significant association.

For example, in a diarrhea outbreak in WHO a case-control study was carried out to investigate the risk associated with eating salad. Cases and controls were identified through interviews conducted among staff members eating at the WHO restaurant during the outbreak week.  The data, odds ratio with 95% confidence are summarized in the table. 

	
	Diarrhea
	Total

	Eating salad
	Yes
	No
	

	Yes
	75
	152
	227

	No
	10
	140
	150

	Total
	85
	292
	377





OR = 6.91 (95%CI: 3.4-13.9)
x 2 = 35.85

METHODOLOGY

Sampling
Though there is no formal requirement to use any sampling technique, the selected group of cases and controls should represent their respective populations.  This is relevant for inter​pretation of the data from the individuals in the study (internal validity of the study) and also for inferences and extrapolations to the reference population (external validity of the study).

Sample size
The number of cases and controls to be selected depends on the sample size needed to test the hypo​thesis.  Generally speaking, the sample size required is inversely proportional to the magnitude of the risk to be detected.  In order to detect a small risk (e.g. 1.2, a 20% increase in risk compared to the control group), large numbers would be required.  Studies done on few cases have little statistical power to detect risks. To calculate the size of the sample the following information is necessary:

(1) Level of significance of the test (generally  = 5%)

(2) The power of the test (generally 1 - = 80%)

(3) The proportion of the exposed persons in the general population 

(4) The value of the minimum odds ratio worth to be detected

(5) The ratio of the number of controls to the number of cases

For example, for = 5%, power=80%, 10% exposure in the normal population, and OR=2, a sample size of 307 cases and 307 controls should be selected. (see EPIINFO exercises)

Measurement of exposure
Measurements of exposure can be evaluated using interviews, standard questionnaires, information from rela​tives and neighbors, and biological markers.  The procedures must be the same for both cases and controls.  The interviewer must ignore the status of the individual as a case or a control to ensure masking and so minimize observer bias.
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Types of bias
Classification bias - well-defined criteria must be used for the classification of individuals as cases and controls according to whether or not they have a disease.  Classification bias is a systematic error in which persons with the disease are selected as controls and individuals without it are selected as cases.  Highly sensitive and specific laboratory tests are desirable to complement clinical diagnoses of cases.  If an antibody level is used for diagnosis, two cut-off points may be fixed on the titer scale, the lowest of them as the upper limit for the selection of controls and the highest of them as the lower limit for the selection of cases.  The purpose of this procedure is to minimize the classification of non-sick persons as cases (false cases) and sick persons as controls (false controls); the above figure illustrates the situation schema​tically.

Selection bias - caused by errors on ascertaining participants or limitations in the design of the study, which impair the comparability of cases and controls.  One reason is the fact that comparability in the selection of controls is generally influenced by availability of resources and time.  

Observer bias - observations on both control and case groups should be made under the same conditions.  The investigator or observer, as far as possible, should have no knowledge of who has the disease and who does not (that is, who is a case and who is a control) to avert influence on gathering information. 

Prevalent cases – the selection of prevalent cases instead of incident cases bias the selection of participants by including cases with long evolution. Prevalence is affected by the duration of the disease, its treatment, cure and also by the case-fatality.  When prevalent cases are included the factor(s) of interest can be statistically associated with the disease because of the “survival effect” and duration of the disease, which does not necessarily indicate a causal association.  In HIV/AIDS, the inclusion of long-term survivals (prevalent cases) would bias the analysis of association for this special group of patients.

STRATIFIED ANALYSIS

Confounding - When a factor is associated with an exposure and a disease at the same time, it is called a confounding variable.  Confounding is a distortion caused by another variable, C, in the numerical result that measures the association between a variable, E (exposure), and condition, D, (disease), in which C is associated with E and D.  Confounding is a bias that must be controlled for, and can be done in the analysis by using stratification or logistic regression.
Stratification - If a possible confounding variable C has two strata - C present and C absent - the association of variable E with condition D must be examined in both of these strata (stratified analysis).  This should be in addition to an overall analysis (crude analysis); the result is displayed schema​tically in the tables that follow:

Crude analysis

	
	Condition
	Total

	Exposure
	Case
	Control
	

	Yes
	a
	b
	a+b

	No
	c
	d
	c+d

	Total
	a+c
	b+d
	T


Stratified analysis


Stratum 1 (C present)

	
	Condition
	Total

	Exposure
	Case
	Control
	

	Yes
	a1
	b1
	a1+ b1

	No
	c1
	d1
	c1+d1

	Total
	 a1+c1
	b1+d1
	T1



Stratum 2 (C absent)

	
	Condition
	Total

	Exposure
	Case
	Control
	

	Yes
	a2
	b2
	a2+ b2

	No
	c2
	d2
	c2+d2

	Total
	 a2+c2
	b2+d2
	T2


In the crude analysis ORcrude= (a*d) / (b*c).  In the stratified analysis the subscript indicates the stratum; the odds ratio of the first stratum is:

OR1 = (a1 * c1) / (b1 * c1), 

and that of the second stratum is:

OR2 = (a2 * d2) / (b2 * c2).

The measurement of common association, the summary odds ratio, is:

	ORMH =
	[(a1 * d2)/T1 + (a2 * d2) /T2]

	
	[(b1* c1)/T1 + (b2 * d2) /T2]


This is a weighted average of the odds ratios of the two strata, with weights proportional to the natural logs of the variances.  The subscript MH refers to the authors Mantel and Haenszel, who developed this estimator of common association.  If ORcrude ( ORMH, there is confounding, and possibly modifi​cation of the effect.  If ORcrude = ORMH, there is no confounding, though there can still be modification of effect.  The interpretation of the magnitude of difference between the confounding odds ratios is arbitrary, and a test of hypothesis should not be done for this purpose; one possible course is to set a limit on the percentage for the difference between the two measurements.

Modification of effect – or interaction happens when the measurements of asso​ciation between variable E and variable D in the strata of C are different, which indicates unequal causal processes depending on the characteristics of variable C.   In contrast with the case of confound​ing, the determination of modification of effect depends on a comparison of the measurement of association for each stratum, not a summary measurement of association.  The decision as to whether or not there is interaction is statistically based on either the test of heterogeneity or statistical interaction.  The hypothe​ses to be tested are:




H0: there is homogeneity between the strata




HA there is heterogeneity between the strata

In the situation of stratified analysis (assuming no modification of effect, or rather, H0: homogeneity between the strata), the hypothesis test is computed for the set of all strata using statistic of x 2 distribution and degrees of freedom equal to the number of strata minus 1.

Example
Continue the analysis of the association between eating salad and diarrhea and include a possible confounding variable, with two possibilities: <50 years old and >=50 years old

Stratum 1 (age<30)

	
	Diarrhea
	Total

	Eating salad
	Yes (case)
	No (control)
	

	Yes
	74
	120
	194

	No
	5
	54
	59

	Total
	79
	174
	253





OR = 6.66 (exact 95% CI: 2.50-22.18)

Stratum 2 (age >=30)

	
	Diarrhea
	Total

	Eating salad
	Yes (case)
	No (control)
	

	Yes
	1
	32
	33

	No
	5
	86
	91

	Total
	6
	118
	124





OR = 0.54 (exact 95% CI: 0.01-5.10)

ORMH   = 4.50 (95% CI: 1.84-9.08)

Orcrude = 6.91 (95% CI: 3.30-14.84)

The results indicate an association between the eating salad and diarrhea.  The test for heterogeneity was significant (p = 0.00018), which means that the strata for <30 years old and >=30 years old should  be dealt separately as they have a differential risk.

LOGISTIC REGRESSION
Another option to deal with confounding and interaction in case-control studies is to apply logistic regression, also called logit analysis. This statistical technique can be used to evaluate the association of one or more explanatory factors with a dichotomous outcome, in other words, this analytic technique allows the consideration of several factors simultaneously. There are some assumptions behind multivariable models that must be considered like: (1) sufficient events per variable: if there are more variables than the model can handle, the model is said to be: “overfit”. A good approach is when the number of the less common outcome divided by the number of predictors is at least 10; (2) collinearity: two predictor variables should not be highly correlated; (3) normality: the frequency distribution of a continuous variable should approximate a bell-shape curve; etc.
Which variables should be entered into the model? This is often a problem when constructing a multivariable model. One approach is use statistical justification to select variables, where variables that are significant on univariate analysis are often considered in multivariable models. A second approach is to consider clinical grounds when selecting variables to build a multivariable model. Both approaches can be affected by overfitting.
MATCHING
There are studies in which one control (sometimes two, three, etc.), such as a brother, a neighbor, or a coworker, is chosen for each case so that the groups of cases and controls will be more comparable.  This can also be used to control for common factors that are not easily identified.  Age and sex are generally regarded as variables that are intimately associated with the possibility of exposure and the development of the disease.  As a result, cases and controls are usually selected within the same age and sex groups. The strategy of including the confounding variable in the design of the study is called matching.  This matching of cases and controls by sex and age makes the groups more comparable and minimizes potential distortions of the results in risk evaluation.  Matching results in a number of strata equal to the number of cases, where each stratum consists of one case and its respective control (or con​trols).  The principle of the analysis is the same, but the variable on which the matching has been based cannot be analyzed.

There are four possible configurations for each case/ control pair with regard to exposure:

	
	Condition
	Total

	Exposure
	Case (1)
	Control (0)
	

	Yes (1)
	1
	1
	2

	No (0)
	0
	0
	0

	Total
	1
	1
	2


	
	Condition
	Total

	Exposure
	Case (1)
	Control (0)
	

	Yes (1)
	1
	0
	1

	No (0)
	0
	1
	1

	Total
	1
	1
	2


	
	Condition
	Total

	Exposure
	Case (1)
	Control (0)
	

	Yes (1)
	0
	1
	1

	No (0)
	1
	0
	1

	Total
	1
	1
	2


	
	Condition
	Total

	Exposure
	Case (1)
	Control (0)
	

	Yes (1)
	0
	0
	0

	No (0)
	1
	1
	2

	Total
	1
	1
	2


The general form for expressing the results is as follows:

	
	Control

	Case
	Exposed (1)
	Unexposed (0)

	Exposed (1)
	v11
	v10

	Unexposed (0)
	v01
	v00


v11 = the number of pairs in which the case and its control were both exposed to the risk factor

v10 = the number of pairs in which the case was exposed but the control was not

v01 = the number of pairs in which the case was not exposed but the control was

v00 = the number of pairs in which neither the case nor the control was exposed to the risk factor.

	OR =
	v10
	= The OR is calculated as the ratio between the discordant pairs.

	
	v01
	


ADVANTAGES AND LIMITATIONS
Advantages - Case-control studies are particularly suitable for the evaluation of rare diseases, and are a rapid, practical and inexpensive method for testing the effect of and interaction among a large number of factors associated with the event considered.  Unlike cohort studies, they do not require a large number of participants, so more expensive and laborious examinations and tests can be used.  In addition, losses of cases from follow-up are avoided.

Case-control studies and public health programs - Case-control studies has been used to evaluate the efficacy of vaccines, screening tests, study of epidemics, assessment of the impact of preventive measures, and treatment efficacy.  For the evaluation of vaccine efficacy after its introduction in routine programs, the vaccina​tion status is taken as the exposure factor. Vaccine efficacy (VE) is estimated by the formula VE = 1 - OR.

Limitations – Case-control studies are not appropriate for the study of rare exposures unless the risk attributed to exposure in the population is very high. Incidence of the diseases/infections can not be studied. The information on the exposure or risk factor is obtained after the occurrence of the disease and hence there is no way to distinguish clearly the timing between exposure and emergence of the disease. For example, in evaluating the association between nutritional status and severe malaria, for example, the concurrent clinical evaluation of symptoms of severe malaria and the degree of malnutrition make it difficult to determine whether malnutrition increase the risk severe and complicated malaria or the other way around.
	CHECKLIST FOR THE DESIGN OF A CASE-CONTROL STUDY

	(. Define clearly the question to be answered

	
. explain the disease/event, the population to be studied and the exposures to be investigated

	(. Define case and  controls

	
. age group, sex

. laboratory tests, clinical examinations, and parameters to be

  evaluated/interpreted


. inclusion and exclusion criteria


. number of controls needed per case


. need for matching

	(.  Specify the sampling criteria

	. define the reference population

. identify source of cases and controls  e.g. health services, the general 

  population

. supply information regarding the internal and external validity of the 

  study

	(. Define exposure and the potential confounding variables to be controlled in the analysis

	. describe laboratory methods, parameters to be evaluated, interpretation, 

  clinical examinations, and interviewing procedures

. explain the procedures used to minimize possible observer bias/masking

	(. Calculate the necessary sample size 

	. define the frequency of exposure to the risk factor in the general 

  population 

. calculate the minimum sufficient number of cases and controls needed to 

  estimate the desired rela​tive risk 

. define the level of significance and statistical power 

. ensure study feasibility (in terms of logistics and time for recruitment of 

  cases and controls)

	(. Describe the stages of the data analysis 

	. state the parameters, statistical methods and subgroups used for the  

  evaluation of the basic characteristics of the cases and controls, and 

  evaluation of the risk factors (odds ratio and 95% CI)

. describe the type of analysis: univariate, stratified, multivariate
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EXERCISES

	Files:
1. ViewChcase



2.  ViewCacod



3.  ViewCaselep



4.  ViewHIB


Exercise 1


Risk factors for T. cruzi infection  - A population-based case-control study was carried out to evaluate risk factors associated with T. cruzi infection in childhood in an endemic area in Brazil. 149 seropositive children (cases) and 298 seronega​tives (controls) matched by sex, age frequency and locality were selected.  Details of the methodology may be found in Andrade et al., 1995.  The variable “TRIPLETS” indicates the number of the triplet of case, control 1 and control 2.  The analysis included (1) comparison of the basic characteristics of the cases and controls, (2) evaluation the risk associated with infestation of the dwelling with infective triatomine bugs, and (3) evaluation of the association between a seropositive child and seropositivity among parents.  Use file ViewChcase part of EPIGUIDE.MDB project to answer the following questions.
**Before starting the exercise route out the results to a HTML file named “Results ChCase”. ROUTEOUT 'Results ChCase' [Figure 1]
[Figure 1 – Route Out results]

[image: image2]
	Question 1.

Compare general characteristics of the cases and controls, including sex, and age group “AGEGR” 7-9 and 10-12 years, mean age, municipalities of residence, medical histories, and previous hospitalization.  Are cases and controls similar with regard to demographical characteristics and past medical history?


	Note 1:
READ 'C:\EPIGUIDE\EpiGuide.mdb':ViewCHCASE  [Figure 2]



TABLES SEX CACO [Figure 3]



[Create variable AGEGR (age group)]




DEFINE AGEGR [standard] [Figure 4]



IF AGE >= 7 AND AGE <= 9 THEN




ASSIGN AGEGR = 1 



ELSE




ASSIGN AGEGR = 2



END [Figure 5]



TABLES AGEGR CACO




MEANS AGE CACO TABLES= (-)[Figure 6]



TABLES MUN CACO




[For variables MORB (record of disease) and HOSP




(hospitalization) exclude code 9 (no information)]




SELECT MORB <> 9 [Figure 7]



TABLES MORB CACO




SELECT [to disable selection] [Figure 8]



SELECT HOSP <> 9




TABLES HOSP CACO




SELECT


[Figure 2 – Read data file]

[image: image3]
[Figure 3 – Tables command]

[image: image4]
[Figure 4 – Define new variable]


[image: image5]
[Figure 5 – IF / ELSE command]

[image: image6]
	1 – Click IF to establish conditions for the new variable

	2 – Choose the variable to build the condition

	3 – Create the condition(s) to assign the values for the new variable

	4 – Click THEN to access the THEN Block

	5 – Click ASSIGN

	6 – Choose the variable to receive the new values

	7 – Choose from the Available variables to construct the expression

	8 – Revise the assign expression

	9 – Click ADD to return to the IF window

	10 – Click ELSE to access the THEN Block and follow steps 5 to 9 

	11 – Click OK when finished


[Figure 6 – Means command]


[image: image7]
[Figure 7 – Select command]

[image: image8]
[Figure 8 – Cancel Select]


[image: image9]
	Question 2.

Calculate the matched odds ratio (OR) and (95% CI) for “dwelling infested with triatomines” (“INFEST”), capture of triatomines in the dwelling (“CAPDWEL”), and the serologies of the mother and father.  For the variable “NPERGR” choose the first stratum (1-4 persons) as reference and calculate the OR (not matched) of the other strata by comparison with the reference category.


To conduct a matched analysis the exposure variables and outcome should have the YES/NO type. To continue the exercises create a variable “INFEST” for “dwelling infested with triatomines.”  Use the variables “CAPDWEL” and “TRACES” to obtain “INFEST”= (+) (CAPDWEL = 1 AND TRACES = 1) and “INFEST” = (-) (CAPDWEL = 2 OR TRACES = 2).  Construct categories for the variable “number of persons” by setting up a new variable “NPERGR.”  Suggestion: 1-4 persons, 5-8 and>= 9 persons per dwelling.

	Note 2:
[Create variable “CACO2” (YES/NO]




DEFINE CACO2  [standard]



RECODE CACO TO CACO2



 
1 = (+)




2 = (-)



END [Figure 9]



[Create variable “INFEST” (YES/NO]

 


DEFINE INFEST  [standard]



IF CAPDWEL =1 OR TRACES =1 THEN




ASSIGN INFEST = (+)



ELSE




ASSIGN INFEST = (-)



END




[Command MATCH for calculation of matched OR]




MATCH INFEST CACO2 MATCHVAR =TRIPLETS [Figure 10]


DEFINE CAPDWEL2  [standard]



RECODE CAPDWEL TO CAPDWEL2




1 = (+)




2 = (-)



END




MATCH CAPDWEL2 CACO2 MATCHVAR =TRIPLETS




[For the variables “SEROM” (mother’s serology) and 





“SEROF” father’s sero​logy) exclude 9 (no information). This can be achieved 


during a recode procedure, creating new variables that will be coded as 



YES/NO]

DEFINE SEROM2  [standard]
RECODE SEROM TO SEROM2 

1 = (+)
2 = (-)
END

DEFINE SEROF2  [standard]
RECODE SEROF TO SEROF2

1=(+)
2=(-)


END




MATCH SEROM2 CACO2 MATCHVAR = TRIPLETS




MATCH SEROF2 CACO2 MATCHVAR = TRIPLETS




[Create variable “NPERGR” (categories of number of persons in family)]




DEFINE NPERGR  [standard]



RECODE NPERSONS TO NPERGR




1-4 = 1




5-8 = 2




9-14 = 3



END




TABLES NPERGR CACO




[Note the results – absolute numbers]




Run STATCALC from the utilities menu to calculate unmatched OR (select 


Tables 2 x 2, 2 x n)




Use data produced by previous table




Press F10 to leave STATCALC




Return to ANALYSIS



Exit [To close Analysis] [Figure 11]


[Figure 9 – Recode command]


[image: image10]
[Figure 10 – Match command]

[image: image11]
[Figure 11 – EXIT Analysis]

[image: image12]
	Question 3.

Propose explanations for the differences between the ORs associated with “capture of triatomines” and “infested dwelling”?  Use the 95% CI and the description of the variables to answer.


	Question 4.

Is number of family members associated to T. cruzi infection? Relate the statistical significance to the clinical significance.


	Question 5.

Could the association between the mother’s seropositivity and her seropositive child have happened by chance? Give possible interpretations of this association?  Discuss the association between father’s serology to his child’s seropositivity?


Exercise 2


Risk factors for T.cruzi infection/ house infestation - the file ViewCacod extracted from the ViewChcase file includes only one seropositive case or one seronegative control per dwelling, excluding cases and controls cohabiting the same dwelling.  The unit of study becomes the “dwelling of a seropositive child” as case (n=89) and “dwelling of seronegative child” as control (n=178), and the case/control variable is CACO.  Details of the methodology are given in Andrade et al., 1995.

**Before starting the exercise route out the results to a HTML file named “Results Cacod”. ROUTEOUT 'Results Cacod'
	Question 1.

Is there any association between number of rooms and T. cruzi infection?  Group the variable “number of rooms” (NROOMS) into “NROOMSGR.”  as: 1-3 rooms, 4-6 rooms and >= 7 rooms.  Choose the category 1-3 as reference and calculate the unmatched OR for the other categories.


	Note 1:
READ 'C:\EPIGUIDE\EpiGuide.mdb':ViewCacod 




[To create categories for the variable “number of 



rooms” (NROOMSGR), repeat the commands used 



for categories of the “number of persons in the 




family” (question 2).]




DEFINE NROOMSGR  [standard]



RECODE NROOMS to NROOMSGR 




1-3 = 1




4-6 = 2




7-13 = 3



END




TABLES NROOMSGR CACO




[Note the results – absulute numbers]




[From the Utilities menu Use STATCALC to




calculate the unmatched OR; follow the same




commands as in question 2.]


	Question 2.
Calculate the seroprevalence among parents in the control group. Is there any conclusion about transmission pattern in the area?  Discuss the implications of these results with regard to congenital transmission.


	Note 2:




SELECT SEROM <> 9




TABLES SEROM CACO




SELECT




SELECT SEROF <> 9




TABLES SEROF CACO




SELECT


	Question 3.

For each database (ViewChcase and ViewCacod) calculate the power of the study as the number of controls per case increases.  Let= 0.05, the number of cases = 149 and 89, OR = 2.0 and 2.2, respectively, and the prevalence of the variable of exposure = 15%.   How does the power of the study vary with the number of controls per case?  Discuss operational aspects for selecting more than one control per case.  How does the power of the study vary with the sample size?  (Answer com​paring the number of participants of the two data banks)


	Note 3:
Use EPITABLE to calculate the statistical power 


(select SAMPLE, and then select POWER 



CALCULATION/ CASE-CONTROL STUDY)




Press F10 to leave EPITABLE




Return to ANALYSIS



Exit [To close Analysis]


Exercise 3


Protective efficacy of BCG against leprosy - A case-control study was conducted to evaluate the efficacy of BCG against leprosy. Sixty-two schoolchildren under 16 years of age who were newly diagnosed with leprosy in a referral clinic (cases) were matched by frequency of sex and age group to healthy controls (3:1) selected from schools in the geographic area of residence of the cases.  Vaccination with BCG was deter​mined based upon the presence of a BCG scar on the right forearm.  The plan of analysis was designed to (1) evaluate the comparability of general characteristics of cases and controls; (2) measure the protective efficacy conferred by BCG against leprosy, and (3) determine the association between BCG and clinical forms of leprosy. Details of the study may be found in Rodrigues et al., 1992.   Use the data table CASELEP to answer the following questions.

**Before starting the exercise route out the results to a HTML file named “Results Caselep”. ROUTEOUT 'Results Caselep'
	Question 1.

Construct a table of the general characteristics of the cases and controls - sex and age.  Are the two groups comparable?


	Note 1:
READ 'C:\EPIGUIDE\EpiGuide.mdb':ViewCaselep 



[Create variable “AGEGR” (age group)]




Define AGEGR  [standard] 




RECODE AGE TO AGEGR 




1-5=1




6-10=2




11-15=3



END




TABLES AGEGR CACO




TABLES SEX CACO




MEANS AGE CACO TABLES = (-)


	Question 2.

Compare mean age of vaccinated and non-vaccin​ated individuals. Give possible explanations considering that the National Immunization Pro​gram initiated mass BCG vaccination in this area in 1975.



	Note 2:
MEANS AGE BCGSCAR TABLES = (-)


	Question 3.

Calculate the odds ratio and 95% CI associated with use of BCG vaccine. What is the protective efficacy of the vaccine (95% CI) against leprosy?



	Note 3:
TABLES BCGSCAR CACO




[Note the table produced – absolute numbers]




Run EPITABLE to calculate efficacy (select STUDY, then 




select VACCINE EFFICACY, and then select 




CASE-CONTROL STUDY)




[Use the data from the previous table]




Press F10 to leave EPITABLE




Return to ANALYSIS






	Question 4.

Examine the association between the clinical form of leprosy and BCG vaccination.  Could these results be due to chance?  Should BCG vaccination be used as a strategy for the elimination of leprosy?  (Answer the question, taking into account the current coverage of BCG vaccination)



	Note 4:




SELECT CACO = 1 [Select only the cases]




TABLES BCGSCAR CLINICAL




SELECT




EXIT [to close Analysis]


Advanced Exercise
Exercise 4

This study was conducted to evaluate the effectiveness of Hib conjugate vaccine in the reduction of community-acquired pneumonia among infants in Central Brazil. A matched case-control study was built into an ongoing prospective population based surveillance of pneumonia, enrolling 1293 participants between May 2000 and August 2001. Cases (n = 431) were children <= 2 years old hospitalized with radiologically definite pneumonia according to the World Health Organization standard criteria for the interpretation of radiographs for the diagnosis of pneumonia. Two controls (n = 862) without previous hospitalization for pneumonia were identified among children from the same neighborhood and matched to cases by age stratum (±4 months). The Hib vaccination effectiveness was estimated as 1 minus odds ratio (OR). Details of the methodology can be found in: Andrade et al, 2004.

**Before starting the exercise route out the results to a HTML file named “Results Hib”. ROUTEOUT 'Results Hib'
	Question 1. 
In this case-control study a sample size of 431 cases and 862 controls was included. Did the study had sufficient power to detect an expected reduction of less at least 30% in pneumonia between the  vaccinated and unvaccinated group assuming a vaccination coverage of 70% ? 




	Note 1: 

READ 'C:\EPIGUIDE\EpiGuide.mdb':ViewHIB 



Run EPITABLE, click on SAMPLE then POWER CALCULATION 


then CASE CONTROL STUDY. Note the results. Press F10 to close 


EPITABLE.




Return to Analysis


	Question 2. 
This study was conducted as a matched case control study. Discuss the advantages of conducting a matched study, and how neighborhood matching can affect the final results.


	Question 3. 
Construct a table comparing the baseline characteristics between cases and controls. Consider the data related to age (age group 2-6; 7-12; 23-24 months); sex; flu-like illness on the previous 2 weeks; day-care attendance; presence of smokers at home; home ownership and mother’s schooling. Calculate the OR for each variable. Which of these conditions were statistically associated with pneumonia cases?



	Note. 3 

TABLES AGEGR CACO



TABLES SEX CACO




TABLES FLULIKE CACO




TABLES DAYCARE CACO




TABLES SMOKER CACO




TABLES HOWNER CACO




TABLES MSCHOOL CACO


	Question 4. 
What was the effectiveness of the Hib vaccination according to univariate analysis? 



	Note 4. 

[To conduct the matched analysis exclude the cases with No Information 


for vaccination status].



SELECT CACO = (+) AND IMMUNE = (.)




[List the identification number of the triplets]



LIST TRIPLETS [Figure 12] 



[note the triplets number]



SELECT [cancel selection]



[Exclude these triplets from the matched analysis]




SELECT  TRIPLETS <> 237 AND TRIPLETS <> 240 AND 



TRIPLETS <> 694 AND TRIPLETS <> 1206




MATCH IMMUNE CACO MATCHVAR= TRIPLETS






[Figure 12 – List command]

[image: image13]
	Question 5.
Adjust the OR for potential confounders; include in the model the age stratum and all statistically significant variables associated with pneumonia cases identified on the univariate analysis. What was the adjusted vaccine effectiveness?  Discuss the clinical importance of these findings


	Note 5.  

[For conditional logistic regression recode the variables “SEX”, 



“HOWNER”, “MSCHOOL” into new variables “SEX_R”, 



“HOWNER_R” and “MSCHOOL_R”.]




DEFINE SEX_R




RECODE SEX TO SEX_R





1 = "M"





2 = "F"




END




DEFINE HOWNER_R




RECODE HOWNER TO HOWNER_R





1 = 1





2 = 0




END




DEFINE MSCHOOL_R




RECODE MSCHOOL TO MSCHOOL_R





1 = 1





2 = 0




END




LOGISTIC CACO = (AGEGR) DAYCARE FLULIKE IMMUNE 


SEX_R (HOWNER_R) (MSCHOOL_R) SMOKER MATCHVAR = 


TRIPLETS [Figure 13]



SELECT [To disable selection]



EXIT [To close Analysis]


[Figure 13 – Conditional Logistic Regression]


[image: image14]
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DATA FILE DICTIONARY

Project: EPIGUIDE.MDB

File: ViewChcase
	Variable 
	Description
	Code
	Description of code

	ID

	Identification number
	1 to 463
	

	TRIPLETS
	Identifier of triplets
	1 to 154
	

	CACO
	Case/Control
	1

2
	Case

Control

	AGE
	Age in completed years
	7 to 12
	

	SEX
	Sex
	1

2
	Male

Female

	MUN
	Municipality
	1

2

3
	Posse 

Guarani de Goiás

Simolândia

	NROOMS
	Number of rooms in dwelling
	1 to 13
	

	NPERSONS
	Number of persons in dwelling
	2 to 14
	

	OWNHOUSE
	Own house
	1

2
	Yes

No

	CAPDWEL
	Capture of triatomines in dwelling
	1

2
	Yes

No

	TRACES
	Traces of triatomines in dwelling
	1

2
	Yes

No

	MORB
	History of morbidity
	1

2

9
	Yes

No

No information

	HOSP
	History of hospitalization
	1

2

9
	Yes

No

No information

	SEROF
	Serology of father
	1

2

9
	Positive

Negative

Not done

	SEROM
	Serology of mother
	1

2

9
	Positive

Negative

Not done


Project: EPIGUIDE.MDB
File: ViewCacod
	Variable 
	Description
	Code
	Description of code

	ID

	Identification number
	1 to 463
	

	CACO
	Case/Control
	1

2
	Case house

Control house

	NROOMS
	Number of rooms in dwelling
	1 to 13
	

	SEROF
	Serology of father
	1

2

9
	Positive

Negative

Not done

	SEROM
	Serology of mother
	1

2

9
	Positive

Negative

Not done

	TRIPLETS
	Identifier of triplets
	1 to 89
	


Project: EPIGUIDE.MDB
File: ViewCaselep
	Variable 
	Description
	Code
	Description of code

	ID

	Identification number
	1 to 301
	

	AGE
	Age in completed years
	2 to 15
	

	SEX
	Sex
	1

2
	Male

Female

	BCGSCAR
	Presence of BCG vaccination scar
	1

2
	Yes

No

	CACO
	Case/control
	1

2
	Case

Control

	CLINICAL
	Clinical form
	P

M
	Paucibacilary Multibacilary


Project: EPIGUIDE.MDB

File: ViewHib 
	Variable
	Description
	Codes
	Description of code

	ID
	Identification number
	
	

	CACO
	Pneumonia case
	Yes

No
	

	TRIPLETSS
	Identification of triplets
	
	

	SEX
	Sex
	1

2
	Male
Female

	AGEGR
	Age group (months)
	1

2

3
	 2  –  6
 7  – 12

13  – 24

	FLULIKE
	Flu-like illness symptoms in the last 2 weeks
	Yes 

No
	

	DAYCARE
	Day-care attendance
	Yes

No 
	

	SMOKER
	Smokers at home
	Yes 

No 
	

	HOWNER
	Home ownership
	1

2
	No

Yes

	MSCHOOL
	Mother’s schooling
	1

2
	Illiterate/primary

Secondary/university

	IMMUNE
	Hib vaccination 
	Yes 

No 
	


STUDIES 





3- Write the file name





4- Mark this box if you want to replace an existing file





2- Define the folder to save the HTM file





1- Click on RouteOut





4 – Click Ok





3 – Identify the data file you will use


in the exercise





2 – Change to the desired project:


EPIGUIDE.MDB





1- Click on Read from the Analysis Commands tree





2- Choose the


 Exposure Variable





4 – Click Ok





3- Choose the


 Outcome variable





1- Click on Tables





2 – Type the new variable name





1- Click Define to create a new variable





11





10





9





8





7





6





5





1





4





3





2





5 – Uncheck the Show Tables in Output box





4- Click Settings





3- Choose the variable to use for comparison





2- Choose the variable to apply the means command





1- Click Means





4- Click OK when finished





3- Define the selection criteria





2- Choose the variable(s) to build the selection criteria





1- Click Select





2 - Click OK to cancel current selection criteria





1- Click Cancel Select





6 – Type the new values. Press enter to go to the next line





2 – Click Recode





7 – Click OK





1 – Define the new variable





5 – Type old values or range of values





4 – Choose destination variable (new)





3 - Choose source variable





5 – Click OK





4 – Choose the Match Variable





3 – Choose the Outcome Variable





2 – Choose the Exposure Variable





1 – Click Match





Click EXIT to close Analysis





4 – Click OK





3- Check Web (HTML) to save the list on the HTML file





2 – Choose the Variables to list





1 –Click LIST





3 – Choose the Match variables





7 – Click OK





6- Type a table name to save the residuals





5 – Click Make Dummy to create dummy variables





4 – Choose the Independent variables





2 – Choose the Outcome





1 – Click


 Logistic Regression
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